Global climate change caused by natural processes results in major environmental issues that affect the world. Climate variability results in changes that cause water stress in plants. Sugarcane is a tropical grass C4, perennial and a multi-purpose industrial cash crop which serves as the main source of raw material for the production of sugar and biofuel. Farmers face the challenge to provide biotech alternatives with potential benefits and minimize potential adverse impacts on sugarcane's production. In order to find biotechnology strategies to diminish the impact of climate change, our laboratory teamworks with micropropagation, transcriptome and genetic transformation of sugarcane using the var. MEX69290. In the transcriptome of sugarcane, a total of 536 and 750 genes were differentially regulated under normal and water stress treatment respectively, of which key genes were selected to be inserted into sugarcane for tolerance to abiotic stress. Regarding results of micropropagation, it was concluded that the continuous immersion propagation system was the best culture strategy. This may be as result of the elimination of gelling agent, which additionally helps reduce production costs.
Introduction
Climate change alters environmental conditions and therefore has direct and biophysical effects on agricultural production. The biophysical and direct effects of climate change induce alterations on the prices and production of agriculture. Such changes are reflected on the economic system as farmers and other market participants make adjustments autonomously. They are both compelled to modify their crop combinations, use of supplies, level of production, and food demand, consumption and trade. Climate change causes a changes in rainfall regimes which have direct effects on crop yields as well as indirect effects through changes in the availability of water irrigation [1] .
Sugarcane (Saccharum officinarum L.) is a monocotyledonous perennial plant belonging to the gramineous family Saccharum officinarum L. [2] . Sugarcane is a commercial crop in tropical and subtropical regions. According to FAOSTAT [3] , sugarcane is cultivated in 26.1 million hectares producing 1.83 trillion canes. Sugarcane is a multi-purpose industrial cash crop and the main source of raw material for sugar production. It is responsible for almost 70% of world-produced centrifugal sugar [4] . Some mitigation and adaptation strategies for climate change in sugarcane production are the use of biotechnological techniques such as transcriptome, genetic transformation and in vitro micropropagation. In this chapter, we will talk about water stress in sugarcane caused by the climatic change and the biotechnological alternatives such as transcriptome, genetic transformation and micropropagation which are currently being carried out in our laboratory to counteract this problem.
Climate change, water stress and its effect in sugarcane
A large scale of plant production grown under different agricultural production systems is lost under the effects of abiotic stresses, which may result in a 70% reduction of the potential yields of crop plants [5] . During growth and developmental periods, crops suffer seasonal floods and droughts, extreme temperatures or salinity all year round. Globally, about 22% of global agricultural land is saline, and the increased damage caused by drought has been reported to limit plant growth and development followed by a loss of productivity, especially in crop species [6, 7] . Thus, drought stresses are one of the most serious kind of abiotic stresses that implies a threat on crop productivity worldwide. and intensity (severe or mild) of stress and also the type of affected tissue [18] [19] [20] [21] . Water stress also affects both cane and sugar yield substantially. The most common water stress responses in sugarcane are leaf rolling, stomatal closure, inhibition of stalk and leaf growth, leaf senescence and reduced leaf area [12, 22] . Moreover, under water stress, both cell division and cell elongation are interrupted [23] and stem and leaf elongation are the most severely affected growth processes [24, 25] . Root development is also influenced by water deficit [19, 26] but its overall biomass is relatively less than the above-ground biomass. Sugarcane is a tropical crop with C4 photosynthetic metabolism. A moderate water stress causes a stomatal limitation, which triggers a decrease in stomatal conductance (gs), transpiration rate (E), internal CO 2 concentration (Ci), and photosynthetic rate [26] [27] [28] [29] [30] . Under water stress, a decline in photosynthetic rate is mainly caused by a decrease in phosphoenolpyruvate carboxylase (PEPcase) and ribulose-1,5-biphosphate carboxylase (Rubisco) activity [26, 27, 31] . It is worth to note that photosynthesis rate is also impacted by sugar accumulation in leaves [32] . Under non-stressed condition low leaf sugar content is conducive to photosynthesis, while high sugar content moderates carbon fixation [33] . Interestingly, increased levels of some sugars, such as trehalose, can help plants to cope with water deficit, reducing the damage on cell membrane [34] . The capacity to accumulate trehalose was demonstrated in sugarcane roots under drought conditions. Sales et al. [35] reported an increase in starch hydrolysis, leading to higher levels of soluble sugars that helped sustain carbon supply even in a reduced CO 2 fixation condition, facilitating growth recovery after stress.
Sugarcane and biotechnology
Sugarcane crop productivity has progressively increased to remarkable levels worldwide in the last century [36] . This increase in productivity has been ascribed to the development and widespread use of improved cultivars with increased resistance to diseases and pests, better management of water, nutrients and other resources, and the availability of relatively cheap chemical fertilizers and pesticides. Sustaining this pace of improvement in crop productivity by innovative and intensive agriculture, whilst ensuring minimal environmental impact, will be one of the major challenges to maintain a profitable sugar industry in the future.
Biotechnology offers excellent opportunities for sugarcane crop improvement. Commercial sugarcane, mainly the interspecific hybrids of S. officinarum and S. spontaneum [37] , would greatly benefit from biotechnological improvements due to its complex polyploid-aneuploid genome, narrow genetic base, poor fertility, susceptibility to various diseases and pests, and the long duration (12-15 years) required to breed elite cultivars. More importantly, there is an ongoing need to provide durable disease and pest resistance commercial clones in combination with superior agronomic performance. This led to considerable research in different areas of biotechnology pertinent to sugarcane breeding and disease control. Despite the availability of molecular tools and strategies and advancements in our understanding of stress responses, engineering crops for drought tolerance remains a major challenge. This is not only due to the complexity of the plant responses to water deficit but also due to the difficulty of identifying and exploiting of large effect genes and alleles and the associated selection traits for developing drought tolerant varieties suitable for commercial crop production conditions [38] .
Micropropagation an alternative to develop plants tolerant to water stress "hyperhydricity"
Various micropropagation systems such as liquid cultures and automation have proven the potential to resolve manual handling of in vitro cultures at various stages and decrease production cost. However, hyperhydricity is a major problem during in vitro culture of many crops in liquid culture systems. Hyperhydricity (also known as "vitrification") is a physiological disorder occurring in plant material of tissue culture, which causes a reduction of propagation and death of tissues when transferred to ex vitro conditions [39] [40] [41] . The environment inside culture vessels normally used for plant micropropagation is characterized by high humidity, limited gaseous exchange between the internal atmosphere of the culture vessel and its surrounding environment, and the accumulation of ethylene; conditions that may induce physiological disorders [42] . The development of hyperhydric deformities represents a disadvantage for plant micropropagation and a barrier for the exploitation of bioreactor technologies to scale-up its production [41] . The concept of stress in relation to hyperhydricity is not completely established. Therefore, it remains difficult to assume when hyperhydric tissues are stressed. Previous studies argued that abnormal morphology observed in hyperhydricity could be attributed to changes occurring at cellular level due to the modifications of membrane composition or DNA content [42] . However, Rojas-Martínez and coworkers [41] considered this disorder as the result of the stressful conditions brought out by waterlogging of the apoplast. This causes hypoxia and thereby leads to severe oxidative stress. They concluded that hyperhydric features like vitreous appearance and wrinkled leaves are secondary events resulting from waterlogging of the apoplast.
The temporary immersion system (TIS) consists on the use of bioreactors with automated devices that control features such as gas exchange, liquid medium culture and lighting, required for the growth, development and survival of plants. TIS mainly consist of three phases: multiplication, elongation and rooting phase. Plantlets propagated in TIS have better performance than those propagated by conventional methods of micropropagation. TIS provides a rapid and efficient plant propagation system for many agricultural and forestry species, it utilizes liquid media avoiding intensive manual handling [43] .
With the objective of evaluating the stress caused by hyperhydricity in the in vitro culture of sugarcane var. MEX69290, three types of culture were analyzed: Semisolid (Magenta) was used as control; Continuous immersion (250 ml Flask); and Temporary Immersion (BioMINT II Bioreactor). Multiplication, maturation, and ex vitro adaptation phases of sugarcane under these three types of culture were evaluated.
The obtained results in the adaptation of in vitro plants of S. officinarum at three different types of culture in the multiplication phase were surprising, as it is observed in Figure 1 , where a notorious formation of shoots occurs in continuous immersion medium. Plants of var. MEX69290 obtained a much higher average shoot formation at the temporary immersion bioreactors than those observed in semi-solid medium. It was observed that invariable of the inoculum density applied (5, 10, 15 plants per bottle) was higher in continuous immersion. Similarly, growth index factor was higher in this culture system than that obtained in semi-solid medium or temporary immersion bioreactors (Figure 1) . We can observe comparing our results with other works that the treatment response depends on the type of explant and variety of sugarcane. Several studies have reported that the rate of shoot formation is higher in temporary immersion bioreactors than in semi-solid cultures. It is important to mention that none of the previous works reported any problem with the hyperhydricity in the obtained in vitro plants. Only, Snyman [44] reports this condition on the induction and germination of somatic sugarcane embryos. Tesfa and coworkers [45] , didn't report problems of hyperhydricity or a decrease in field survival rate out of in vitro plants after using a liquid culture medium with agitation Figure 1 . Average of shoots at different densities of inoculum. T5-T20: 5 inoculum plants were used in semi-solid and continuous immersion medium, 20 plants in temporary immersion; T10-T40: 10 inoculum plants were used in semi-solid and continuous immersion medium, and 40 plants in temporary immersion; T15-T60: 15 inoculum plants were used in semi-solid and continuous immersion medium, and 60 plants in temporary immersion; semisolid (red rectangle), continue immersion (orange rectangle) and temporary immersion (green rectangle). At the bottom of the figure, the calculated growth index factor is reported using the obtained fresh weight under the same inoculum density conditions; T5-T20 (red rectangle), T10-T40 (orange rectangle) and T15-T60 (green rectangle). Five replicates were carried out for each treatment. (Figure 1 ).
The variety MEX69290 clones' response at the maturation phase showed the same behavior as that observed at the multiplication phase, with the average shoot emission and the growth index being higher in the liquid culture than the one obtained in half semi-solid or in the temporary immersion bioreactor culture (Figure 2) . After 28 days in maturation phase, 120 plants from semi-solid culture, 120 plants under continuous immersion, and 75 from BIOMINT were adapted. In Figure 3 , we can observe the quality of the plants from the same clone at the three different cultivation systems.
Plants underwent a 28 days preadaptation period, and afterward were planted and placed in greenhouse conditions. Once plants where transferred into the greenhouse, their survival rate was evaluated, being 100% in all cases (Figure 4) . Plants from the temporary immersion bioreactors were taller and with longer leaves, but those from semi-solid medium and continuous immersion continued to emit shoots during the following 4 months evaluation at the greenhouse. The results obtained in this phase are very similar to those reported by Arencibia et al. [46] , Bernal et al. [47] , and Silva et al. [48] , who reported survival rates higher than 96% in the different cultivars using a temporary immersion bioreactor, and our result is much higher than the studies reported by Snyman et al. [44] , with only 34% of survival rate from sugarcane grown in the RITA system. The best results out of the measured parameters were obtained from the continuous immersion propagation system. It was concluded the reason for this may reside in the elimination of gelling agent, which additionally lowers production costs in the process of delivering this sugarcane's variety to the field. Plants obtained under this system achieved normal development, they developed shoots and roots cyclically and no vitrification was detected in any of the evaluated micropropagation phases. This suggests that the clone obtained from the MEX69290 variety is tolerant to liquid culture conditions. Apparently this system does not generate an abiotic stress, stationing it as a prospective medium to perform genetic transformation processes and to study its gene expression pattern that could further make enhanced tolerant clones.
Transcriptomic analysis of an elite Mexican sugarcane cultivar ('Mex 69-290') in response to osmotic stress. Identification of genes with biotechnological potential
Modern sugarcane cultivars have been obtained by inter-specific hybridizations between the high-sucrose-yielding of S. officinarum (2n = 8x = 80) and the stress-tolerant S. spontaneum (2n = 40-128). As a consequence, sugarcane cultivars present large (10 Gb) and poly-aneuploid genomes with numerous gene alleles and repetitive sequences. Such genome complexity has made it difficult to obtain a complete sequenced reference genome that could aid in the identification of novel genes with biotechnological potential for the improvement of this important C4 crop. Alternatively, de novo transcriptome assembly of reads produced by highthroughput sequencing technologies (also referred to as Next Generation Sequencing (NGS)) offers a mean to unravel global gene expression changes in response to various conditions in sugarcane. For example, some recent works have employed High-throughput sequencing to identify sugarcane genes involved in leaf abscission [49] , biomass content and composition [50] , and abiotic stress [51] . Li and cols. [49] performed a transcriptome analysis to identify genes associated with leaf abscission in sugarcane. They employed the Illumina HiSeq 2000 platform (2x90pb) to analyze six cDNA libraries from parents and their F1 offspring, which present different leaf abscission behaviors. After a total assembly, they found 275,018 transcripts corresponding to 164,803 genes. Then, to identify genes related to leaf abscission in sugarcane [49] , analyzed a core set of 1, 202 transcripts which were up-regulated in leaf abscission sugarcane plants (LASP) in comparison to leaf packaging sugarcane plants (LPSP). They found that some of these genes were associated with plant-pathogen interaction, response to stress, and ABA-associated pathways. On the other hand [50] , performed an extensive transcriptome analysis to identify genes associated with biomass content. They employed the Illumina HiSeq 4000 platform to analyze cDNA libraries from 20 internodal samples of 10 different sugarcane genotypes, which were divided in low and high fiber containing groups. They found 5601 and 4659 unique expressed transcripts in High and Low fiber containing genotypes; and 83,421 shared expressed transcripts between both groups. Furthermore, they found 555 differentially expressed transcripts between low and high fiber containing genotypes. Of these, 151 and 23 transcripts corresponded to sugar and fiber accumulation, respectively. Some of these genes were involved in Carbohydrate metabolism, Photosynthesis, Cell-wall metabolism and Lignin Pathway; DIR proteins were also represented [50] .
Regarding abiotic stress, Belesini and cols. [51] analyzed the transcriptomic profile of the drought-tolerant 'SP81-3250' and the drought-sensitive 'RB855453' sugarcane cultivars under drought stress conditions for 30, 60, and 90 days. They analyzed a total of 54 cDNA libraries by Illumina HiScanSQ System and HiSeq 2500 platforms. Among the genes that were induced in the drought-tolerant cultivar, they found an ascorbate peroxidase, a MYB TF, an E3 SUMOprotein ligase SIZ2, a coenzyme A ligase (a key enzyme for the biosynthesis of flavonoids), and an aquaporin, among others. These types of genes are well known to play a role in abiotic stress tolerance. In the drought-sensitive cultivar they found several kinases that were induced upon stress like Receptor like protein kinases (RLK), which might play a role in stress stimulus perception; bHLH transcription factors; ACC oxidase from the ethylene biosynthetic pathway; and many undescribed genes. More recently (2017), in our laboratory PereiraSantana and cols. [52] analyzed the transcriptomic profile of the 2nd most important sugarcane cultivar in Mexico, 'Mex 69-290', in response to osmotic stress. In such study, authors employed the High-throughput sequencing system HiSeq-Illumina (2x100bp) to analyze 16 cDNA libraries representing leaves and roots of in vitro-grown plantlets exposed to PEG-8000 during 0, 24, 48, and 72 hours. After assembly of a total of 140, 339 unigenes, Pereira-Santana and cols. Found core sets of 536 and 750 up-regulated genes in response to osmotic stress in roots and leaves, respectively; and core sets of 1093 and 531 down-regulated genes in roots and leaves, respectively. After gene annotation, the authors found that sugarcane 'MEX69290' responds to osmotic stress by increasing the expression of genes involved in transcription regulation, oxide-reduction, carbohydrate catabolism, and flavonoid and other secondary metabolites biosynthesis. Genes responsive to ABA, water deprivation, and heat stress were also up-regulated. On the other hand, this sugarcane cultivar responds to osmotic stress by decreasing the expression of genes involved in sucrose and starch metabolic processes, cell wall biogenesis, cellulose biosynthesis, anion transport, and light response. A handful of the genes found by Pereria-Santana and cols. Are presented along with their expression profiles in the heat map of Figure 5A . Because of the well-defined expression pattern of some of these genes, they could prove to be useful as expression markers in the response of 'MEX69290' to osmotic stress. For example, ABA 8-hydroxylase 3, Isoflavone 2-hydroxylase, LEA 14A, and NAC TF 25 showed clear patterns of up-regulation. In fact, in our laboratory further expression and functional analyses are currently being carried out regarding this NAC TF25 gene. Conversely, Bidirectional sugar transporter SWEET11, Cellulose synthase E6, and Sugar transporter ERD6 16 showed clear patterns of down-regulation. These down-regulated genes are also interesting, not just because of their responsiveness to osmotic stress but also due to their involvement in sucrose metabolism. The engineering of these genes might increase biomass production in sugarcane and tolerance to osmotic stress simultaneously. Furthermore, many TFs known to play important roles in the stress responses of plants, i.e. HSF, ZN, bZIP, WRKY, NAC, and MYB, were found in abundance in the total assembly of the 'MEX69290' transcriptome ( Figure 5B ). Even when some of these TF families seemed underrepresented (like NAC and MYC), they still provide a useful benchmark to conduct phylogenetic, expression, and functional analysis. [52] . The heat map was generated with the ComplexHeatmappackage v1.14.0 [52] in R v3.4.1 [53] . (B) Abundance of major stress-related TF families and Dirigent protein family in arabidopsis, rice, sorghum, and sugarcane. The results were obtained by means of HMM searches using the profiles of the HSF (PF00447), ZF (PF00096), bZIP (PF00170), WRKY (PF03106), NAC (PF02365), MYB (PF00249), and Dirigent (PF03018) proteins obtained from the Pfam database (http://pfam.xfam.org) [54] . For this analysis the complete predicted proteomes (primary transcripts only) of arabidopsis, rice, and sorghum were obtained from Phytozome v. 12 [55] . Sugarcane predicted protein dataset was obtained from the transcriptome assembly of Pereira-Santana and cols [52] HMM searches were performed using HMMER3 v3.1b2 (http://hmmer.org/) and set to a cut-off e-value of 1e-05 and a score above the inclusion threshold of each HMM profile.
In addition to the insights about the global gene expression dynamics of 'Mex 69-290' in response to osmotic stress and the identification of novel TFs, the work of Pereira-Santana and cols. Provides a useful benchmark for the study of other specific gene families of biotechnological significance for sugarcane engineering, for example the DIR protein family. Plant DIR proteins are believed to be involved in lignin biosynthesis, defense [56, 57] , and abiotic stress responses such as dehydration [58] , and salinity and oxidative stress [59] . In a recent study, 5 available sequence databases for sugarcane were surveyed, a total of 120 DIR proteins were identified [60] . Phylogenetic analysis showed that these DIR proteins are divided in 64 groups and 7 major clades: Dir-a, Dir-b/d, Dir-c, Dir-e, Dir-g, Dir-h, and Dir-i [60] . In the sugarcane transcriptome assembly of 'sugarcane Mex 69-290' performed in our laboratory by Pereira-Santana and cols, a total of 48 predicted proteins with DIR-like domains were identified. These DIR proteins were clustered in 7 groups according to their expression patterns (Figure 6 ). DIR42 protein from cluster 1 was significantly up-regulated in all time points of osmotic stress in root tissues. Conversely, DIR40 protein from cluster 7 was significantly down-regulated in all time points of osmotic stress in leaf tissues. In general, DIR genes from cluster 4 seem to possess a relative high expression in roots under control conditions, and those from cluster 7 seem to possess a relative high expression in leaves under control conditions. DIR genes from both clusters are down-regulated in response to osmotic stress. On the other hand, we also recovered a homolog of the ScDir gene (GenBank: JQ622282.1) from the sugarcane variety FN39 (DIR38 in cluster 5). The expression of ScDir from FN39 has been . Data was obtained from Pereira-Santana and cols [52] . Heat map and sequence clustering were generated with ComplexHeatmap v1.14.0 [53] in R v3.4.1 [54] using the "euclidean" distance method and "complete" clustering method.
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reported to be up-regulated in response to H 2 O 2 , NaCl, and PEG treatment [59] . Furthermore, its heterologous expression in Escherichia coli increases the bacterial host's tolerance to NaCl and PEG [59] . The homolog of this gene in 'Mex 69-290' was slightly up-regulated in leaves, but down-regulated in roots (Figure 6 , cluster 5). All of these mentioned DIR genes from sugarcane 'MEX69290' are interesting because they show differential expression patterns in leaves and roots in response to osmotic stress. However, their functional roles in osmotic stress tolerance and biomass accumulation still need to be experimentally analyzed. In summary, in the absence of a complete sequenced genome for sugarcane, high-throughput sequencing technologies applied to the elucidation of elite cultivars' transcriptome profile are one of the most valuable resources for the identification of genes involved in both stress tolerance and biomass accumulation, which are important agronomic traits to face global climate change.
Genetic transformation of cane, a very powerful biotechnological tool to generate tolerant plants to water stress
According to the International Service for the Acquisition of Agri-biotech Applications (ISAAA), the worldwide distribution of genetically modified crops involves a total of 26 developing countries and 7 industrialized countries, headed by USA, Brazil, Argentina, Canada, India, China and South Africa. There is a current approval on the use of two commercial varieties of genetically modified cane in Brazil and Indonesia. On the former, plants containing the Cry1Ab gene, which produces an insecticidal toxin capable of killing the Diatraea caterpillar, are being cultivated. In Indonesia plants transformed with the EcBetA gene are resistant to drought.
Scientific research in genetic transformation have focused on resistance to biotic and abiotic factors such as weed control, production of renewable primary products, energy crops and production of pharmaceutically active substances. [67] . These latter two protocols require a time lapse between 3 and 6 months to generate seedlings.
In contrast, a genetic transformation protocol using A. tumefaciens has been developed in our laboratory (in the process of obtaining patent) where in vitro basal micro-shoots of MEX69290 cultivars underwent the insertion of the CpRap2.4b gene from the AP2/ERF transcription factor family, and out of cDNA of papaya stressed at 40°C. This genetic transformation protocol requires only 20 minutes and has a contamination rate of 0%, as well as a 21-day seedling regeneration rate. Our results showed a 70% survival in the first subculture and 100% in the second subculture with Kanamycin; similar results were reported by Manickavasagam regenerating transgenic seedlings using micro axillary outbreaks out of field plants [67] , with a very laborious genetic transformation system and with 50% survival in the first crop. In addition, this work would be the second in sugarcane to report a gene of the AP2/ERF family of transcription factors inserted in sugar cane, the other work is the one reported by Reis et al. where they over expressed AtDREB2A CA (constitutive activity) in sugar cane [68] . In the transformed sugarcane seedlings generated by the genetic transformation protocol that was developed in our laboratory, the presence of the GFP was observed at the fluorescent emission of 395-475 nm, which indicates that the seedlings are transformed (Figure 7 ).
It should be clarified that the functionality of the CpRap2.4b gene belonging to the (AP2/ ERF) transcription factors family was tested in tobacco plants, which were segregated to obtain F2 plants and were then subjected to water stress (drought) conditions to evaluate their function. Transcriptome, Genetic Transformation and Micropropagation: Some Biotechnology… http://dx.doi.org/10.5772/intechopen.72438
Conclusions
Climate change affects farmers economically, causing drought floods, which affect the productivity of the plant. Biotechnology is an alternative to reduce the impact of climate change on plants. In recent years there has been a continuing need to provide commercial clones of resistance to pests and long-lasting diseases in combination with superior agronomic performance. This led to considerable research in different areas of biotechnology including: micropropagation, transcriptomics and genetic transformation.
These areas of biotechnology together are a key tool in the pursuit of genetically enhanced plants that resist climate change. 
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